An alternative description of the layer structure of SmC* devices is used to consider the cause for wide variations in the zig-zag defect density in such devices using the same alignment layer material. In this paper, we show how the topography of the surface layer due to imperfect coating techniques and materials promotes the formation of zig-zag defects. We show that if the alignment surface slope is greater than the pretilt, high densities of zig-zag defects are likely to be present.
chevrons pointing in opposite directions are interspersed. The oppositely pointing chevrons have been described in terms of the C1 and C2 layer structures, with the apex of the C1 chevron pointing antiparallel to the rub direction. Geometric necessary conditions for formation of these configurations are as follows:
C1 allowed: θ < α < θ + δ. C2 allowed: α < θ − δ.
Thus, by introducing a high pretilt, zig-zag defects may be eliminated [4] . Clearly, when the C2 condition is met, the C1 condition will also hold.
Research relating the cone angle to the chevron angle [5] suggests that, approximately independent of material, θ − δ = 3° at room temperature. In other cases, the value may be less than 3°, and may in fact be equal to 0 [6] . Also, as will be discussed below, it is possible that the effective pretilt angle can be negative. This could result from a surface roughness whose magnitude is dependent on the processing conditions of the alignment layer. We would like to consider the possibility that negative values of the effective pretilt could be the cause for high defect densities found in some cases. Unfortunately, the description of the layer structure using the C1 and C2 definitions is confusing when a negative value of the effective pretilt is allowed.
II. Our Model
Depending on the alignment material and coating technique, angular variations in the surface may be comparable to the pretilt. We may define the angle of variation γ as positive if it tends to make the apparent pretilt angle greater. For a particular surface with angular variations γ ranging from −Γ to Γ, with Γ positive, we locally define an effective pretilt α´ = α + γ (see Figure 1 ). To investigate such a configuration , we propose a C+, C− layer structure, where the sign refers to the pointing direction of the chevron apex. The C+ layer apex points is equivalent to the previously defined C1 structure for the case of a high pretilt angle.
As shown in figure 2 , the SmC cones attached to each chevron define the maximum and minimum values of α´ from −(θ −δ) to (θ +δ) can be accommodated by the C+ layer structure, and α´ from −(θ +δ) to (θ −δ) can be accommodated by the C-structure. Figure   3 also shows the connections of the definition of the C+ and C-layer structures with the C1 and C2 definitions. The structure defined as C+ is seen to be inclusive of a C1 structure if α´ is positive, but a C2 if α´ is negative. As previously pointed out, if α´ lies in the range from (θ −δ) to (θ +δ), then a defect free structure is expected. Also, if α´ is positive (but not necessarily greater than (θ −δ) , defects may or may not form.
A new feature that is made clear by this model is that if α´ varies from greater than + (θ −δ) to less than −(θ −δ), then zig-zag defects are required to form. 
III. Experiment
We used a 1.5% solution of PVA in water as the alignment layer for our samples.
In order to obtain varied surface topographies, the material was spin-coated onto our substrates at varying speeds. Additionally, we varied the temperature at which the solvent was removed from the substrates. Through the use of these methods, we were successful in obtaining very different surface topography.
Through AFM measurements, we determined that for our spin-coated substrates, there was a radial dependence to the surface properties. By choosing the centers of our cell substrates and our sample for AFM analysis to be equidistant from the spin center, we could ensure that the texture observed in our finished cell was properly correlated to the AFM data.
In constructing our cells, we used 1.5 µm hard-baked photoresist posts for spacers and Merck ZLI-3654 as our liquid crystal, and capillary-filled each cell in the isotropic phase. The center area of each cell was photographed between crossed polarizers. Substrate samples were viewed using a Nanoscope IIIa AFM in the contact mode. A cross-section of each substrate surface was analyzed for angular variations, and the rms roughness of the sample was recorded. Thirteen cells with acceptable thickness and uniformity were filled and observed. Using the same mixture of PVA as in the test cells, and using a nematic material with similar ε⊥, we constructed several cells and measured the pretilt using the magnetic null method. We determined the pretilt to be 2 ± 0.25°.
IV. Results
In observing the textures of the constructed cells, large variations were apparent between cells, and in some cases within an individual cell. Some cells had no zig-zag defects in the central cell region, some had a small number of defects in this region while others had very dense, constant arrays of zigzags (Figures 4). For these large, dense defect structures, generally the defect size was equal to the distance between spacers. The magnification is the same as in (a). Picture (c) is a detail of (b) magnified 500%.
For a particular cell, to determine Γ, the magnitude of angular variations, a crosssectional graph of the surface roughness was analyzed. Each point was recorded where the slope change was greater than 0.1° between horizontal distances of minimum size 0.05 µm, and the angle of each connecting segment calculated. In calculating frequency of occurrence of a particular value of slope, the count was weighted according to the length of each segment. The absolute value of each calculated slope was taken, and this value was placed in bins according to the weight. This histogram was then fitted to a curve (Fig. 5) . There was no apparent difference between occurrences of positive and negative slopes. Choosing a cross-section parallel or perpendicular to the rub direction also yielded no significant effect. Cells with angular variations of 3.7° and 6.8° had continuous zig-zag defects, while for cells with variations of 1.2°, 1.4°, and 1.8° the density of zig-zags, which ranged from none to several in the central region of the cell, did not cleanly correspond to the angular variation ( Table 1 ). The source of this inconsistency is most likely isolated anomalously high peaks or ridges which may force the formation of a defect despite the fact that the majority of the surface variations are below the critical angle. We would expect such peaks to form more readily for surfaces with higher roughnesses. Also, a cell with high roughness and low angular variations will be more likely to posses zig-zag defects due to its larger grain size, as explained above. Note that the two cells shown in Figure 5 are the high angular variation cell with the least defects and the low angular variation cell with the most defects. Also interesting is the fact that cell 3 had no apparent zigzag defects. When viewed at higher magnification, this cell demonstrated a woven appearance. 
V. Conclusions
The results show that cells with angular variations of the surface exceeding the pretilt, the formation of zig-zag defects is likely to occur. As a cell is cooled into the SmC* mesophase, (θ−δ) increases from 0 to some final value. Therefore, this work predicts that zig-zag defects should form at the SmA / SmC* transition whenever α´<0 over a sufficiently large horizontal distance. As (θ−δ) increases, these defects are no longer geometrically required, and, providing that α´ > -(θ−δ), they are likely to dissipate.
For angular variations of the surface of magnitude smaller than the pretilt, such defects are less likely to form. However, since the area observed with the AFM is very small compared to the area observed through the microscope, and since a cross-sectional view only looks at a very thin slice of the total surface, it is likely that variations for any sample may be somewhat greater than what is expected from observing the cross-section.
Any small dust particle or isolated high peak in the surface which exceeds the critical variation angle may cause the creation of a zig-zag defect in a seemingly smooth substrate. Thus, in order to guarantee a defect-free low pretilt cell, an alignment surface which is both smooth and uniform is required. This may be achieved through proper choice of materials and well-controlled coating techniques.
